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Abstract

Background: Cisplatin is an outstanding anticancer drug, but its use has been decreased remarkably due to sever
nephrotoxicity. R. vesicarius L. is a leafy vegetable that is evident with anti-angeogenic, anti-inflammatory, anti-
proliferative, hepatoprotective, and nephroprotective potential. Therefore, this study was designed to inspect its
methanol extract (RVE) for possible nephroprotective effect.

Methods: Primarily, in vitro antioxidant activity of RVE was confirmed based on 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) free radical scavenging aptitude. Thereafter, Swiss Albino male mice were treated with cisplatin (2.5 mg/kg)
for 5 successive days to induce nephrotoxicity. Recovery from nephrotoxicity was scrutinized by treating the
animals with RVE (25, 50, and 100 mg/kg) intraperitoneally (i.p.) for the next 5 consecutive days. After completion of
treatment, mice were sacrificed and kidneys were collected. Part of it was homogenized in sodium phosphate
buffer for evaluating malondialdehyde (MDA) level, another part was used to evaluate gene (NQO1, p53, and Bcl-2)
expression. Moreover, the hydrogen peroxide (H2O2) neutralizing capacity of RVE was evaluated in HK-2 cells
in vitro. Finally, bioactive phytochemicals in RVE were determined using gas chromatography–mass spectrometry
(GC-MS).

Results: RVE showed in vitro antioxidant activity in a dose-dependent fashion with 37.39 ± 1.89 μg/mL IC50 value.
Treatment with RVE remarkably (p < 0.05) decreased MDA content in kidney tissue. Besides, the expression of NQO,
p53, and Bcl-2 genes was significantly (p < 0.05) mitigated in a dose-dependent manner due to the administration
of RVE. RVE significantly (p < 0.05) reversed the H2O2 level in HK-2 cells to almost normal. From GC-MS, ten
compounds including three known antioxidants “4H-Pyran-4-one, 2, 3-dihydro-3,5-dihydroxy-6-methyl-”,
“Hexadecanoic acid”, and “Squalene” were detected. The extract was rich with an alkaloid “13-Docosenamide”.

Conclusion: Overall, RVE possesses a protective effect against cisplatin-induced kidney damage.
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Introduction
Oxidative stress is the result of disproportion between
the formation of reactive oxygen species (ROS) and
regular antioxidant defense mechanisms [1]. Regular bio-
chemical reactions, frequent exposure to the unfavorable
environment, and elevated intake of xenobiotics result in
ROS production [1]. ROS interact with the cysteine resi-
dues of redox-sensitive signaling molecules including
transcription factors, protein tyrosine phosphatases, and
protein kinases; consequently, oxidation of thiol groups
on these residues guide to alterations of the targeted
proteins, biological actions, signaling capacities, immun-
ity, and supplementary cell live/dead paradigms [2].
Oxygen-containing chemical species having reactive
properties are known as ROS which includes free radi-
cals and non-radical molecules such as superoxide and
H2O2, respectively [3]. Oxidative stress induced by ROS
is linked with the etiology of numerous diseases includ-
ing cancer. Acute myeloid leukemia (AML) is a cancer-
ous growth of blood cells within the bone marrow. The
cellular and molecular events underlying AML include
DNA damage, clonal propagation, increased cell death,
and further genetic instability, which are the result of
ROS-induced oxidative stress [4]. Human physiology has
been gifted with numerous mechanisms that can gener-
ate antioxidants to exert protection against oxidative
stress leading to protect cells from toxic effects and
serve to disease prevention [5]. However, cells develop
endogenous mechanisms to counteract oxidative stress
and conserve required ROS [6].
NAD(P)H:quinone oxidoreductase 1 (NQO1) is a fla-

voenzyme [7] that can catalyze two or four-electron re-
duction and utilizes this property to detoxify quinines [8].
It can protect cells from oxidative damage by keeping
redox cycling aside and by reducing the production of free
radicals [8]. Beside xenobiotic detoxification, NQO1 is
also involved in superoxide neutralization, modulation of
p53 proteasomal degradation [9], Bcl-2 inhibition [10],
and enhance susceptibility to cell injury [11].
Cisplatin is the first Food and Drug Administration

(FDA)-approved platinum-based anticancer drug [12].
Cisplatin exerts apoptosis by inducing oxidative stress
and overexpression of tumor suppressor gene p53 [12].
Several adverse effects including nephrotoxicity, hepato-
toxicity, gastrotoxicity, ototoxicity, myelosuppression,
and neurotoxicity are the result of cisplatin-induced oxi-
dative stress [12]. These side effects have remarkably de-
creased the use of cisplatin though it has outstanding
anticancer activity. Cisplatin is well known to induce
oxidative stress and suppress NQO1 gene in mice kid-
neys [13]. Therefore, searching and validation for effect-
ive natural sources of antioxidants are becoming an area
of awareness. Intake of plant-derived dietary antioxi-
dants such as flavonoids, carotenoids, and phenolic

compounds may lead to protection against cardiovascu-
lar diseases, cataracts, and cancer [14].
R. vesicarius (Polygonaceae) is known as “Takpalong/

Chukapalong/Amlabetom” in Bengali [15]. It grows in
the desert and semi-desert areas of Asia, Australia, and
North Africa [16]. It is a little-studied endangered plant
in Bangladesh. In Bangladesh, people consume the whole
plant as a vegetable after cooking with salt, different
spices, and oil. Sometimes, people use only the fresh
leaves in mixed salad as an alternative to lettuce. The
raw leaf is slightly sour, but it becomes highly sour after
cooking. Moreover, a little number of leaves are usually
being mixed in fish dishes during cooking to have a
mildly acidic taste.
This plant is being used as a vegetable and medicinal

herb worldwide [17]. The leaves and seeds are used as
an antidote for snake and scorpion venom, respectively
[17]. In folk treatment, R. vesicarius has long been used
in treating hepatic diseases, bad digestion, constipation,
piles, vomiting, flatulence, heart troubles, pains, spleen
disorders, dyspepsia, toothache, bronchitis, asthma, sca-
bies, leucoderma, and as laxative, stomachic, appetizer,
tonic, diuretic, and analgesic [18]. This plant comprises
numerous biologically important compounds including
flavonoids, anthraquinones, carotenoids, vitamins, lipids,
and organic acids, which are well known as antioxidant,
antimicrobial, and anticancer agents [19]. Every part of
this plant contains quercetin (flavonoids) in an elevated
amount [15]. This plant contains 0.25 mg vitamin A,
1.33 mg vitamin C, 2.37 mg vitamin E [15], 3.38 mg fla-
vonoids, and 5.66 mg polyphenols [20] per 100 g dry
weight.
Shahat and colleagues [21] showed anti-angiogenic

and anti-proliferative effects of methanol (80%) extract
of R. vesicarius aerial part against hepatocellular carcin-
oma in rat model. Another study showed in vitro anti-
angiogenic potential of R. vesicarius extract [22]. Metha-
nol extract of whole R. vesicarius exerts protection
against carbon tetrachloride-induced hepatotoxicity
in vivo [23]. Anti-inflammatory effect in rabbit has been
evident by methanolic leaf extract of R. vesicarius [24]. A
recent study [25] reported in vivo nephroprotective ef-
fect of fractionated ethanolic R. vesicarius extract against
gentamicin and potassium dichromate toxicity.
Keeping the above information in consideration, we

aimed to inspect the effect of R. vesicarius extracts
(RVE) in terms of recovery from cisplatin-induced
nephrotoxicity through maintaining NQO1 gene expres-
sion in animal model.

Materials and methods
Chemicals and reagents
Cisplatin and 2, 2-diphenyl-1-picrylhydrazyl (DPPH)
were purchased from SIGMA-ALDRICH (USA).
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Creatinine Colorimetric Assay Kit (product ID –
700,460) was purchased from Cayman Chemical (USA).
Dulbecco’s Modified Eagle’s Medium (DMEM), fetal bo-
vine serum (FBS), and antibiotic (10,000 U/mL penicillin
and 10,000 μg/mL streptomycin) were purchased from
Gibco (Gibco Laboratories, USA). ROS-Glo™ H2O2

Assay kit and GoTaq® qPCR Master Mix were obtained
from Promega (USA). Reverse-transcription kit TIAN-
Script M-MLV was purchased from TIANGEN (China)
and primers from IDT (Integrated DNA Technologies,
Malaysia). All other chemicals and reagents used in this
experiment were of analytical grade.

Plant sample collection and extract preparation
Fresh R. vesicarius plants were purchased from a local
market at Sonadighi, Rajshahi, Bangladesh. Plant speci-
men was identified and authenticated by Dr. Ahmad
Humayan Kabir, Department of Botany, University of
Rajshahi, Bangladesh. A specimen under voucher no.
00095 was stored in the herbarium of the Department of
Botany, University of Rajshahi. The aerial parts of the
plant were cleaned, dried at 37 °C, ground to coarse
powder using an electronic dryer, and stored in a sealed
container at 4 °C. The fine powder (10 g) was dissolved
in methanol (500mL). The content was sonicated (Soni-
prep 150, China) at 20 kHz for 10 min. Filtration of the
extract was carried out by using Glass Fiber Filter paper
(Macherey NAGEL, GmBH, German) with DURAN® Fil-
tering Apparatus (German). Finally, the filtrate was con-
centrated using a freeze dryer (VirTis BenchTop Pro, SP
SCIENTIFIC, USA). The extract was finally named RVE.

In-vitro antioxidant activity test
In-vitro antioxidant capacity of RVE was carried out
based on scavenging of DPPH as described previously
[26] with little modification. DPPH radical scavenging
ability of RVE was assessed based on converting the pur-
ple colour of DPPH to yellow colour. The reaction mix-
ture in each micro-centrifuge tube (2 mL) consisted
950 μL methanolic solution of DPPH radicals (0.1 mM)
and 50 μL RVE from five different concentration (200,
500, 1000, 2000, and 4000 μg/mL methanol) to make
final concentrations of 10, 25, 50, 100 and 200 μg/mL.
Another tube containing 50 μL methanol and 950 μL
methanolic solution of DPPH was kept as control. The
test tubes were left for 30 min in dark place. The absorb-
ance of the mixtures was taken at 517 nm using
GENESYS 10S UV-VIS spectrophotometer (Thermo
SCIENTIFIC, USA). Finally, the percentage of radical
scavenging activity (RSA) was calculated based on dis-
coloration of DPPH using the following formula-.
%RSA = [(ADPPH −ARVE)/ADPPH] × 100.
where, ADPPH is the absorbance of the DPPH solution

(control) and ARVE is the absorbance of the RVE

solution. The concentration at which RVE resulted 50%
RSA was termed as IC50 value and was calculated using
a graph placing % RSA against different RVE concentra-
tions used.

Experimental animals and experimental design
Male Swiss Albino mice of 42 days old (30–32 g body
weight) were acclimatized for 1 week before starting the
experiment in a room (temperature of about 25 ± 2 °C
and ~ 50% humidity, 12 h dark/light cycle). Drinking
water and food were provided ad libitum.
Mice were randomly separated into eight groups (n =

6). The first (control) group was treated with 0.2 mL of
0.9% NaCl. The next four groups were treated with cis-
platin at 2.5 mg/kg for 5 days at an interval of 24 h. After
cisplatin administration, one group (second group) was
left without any further treatment and assigned as the
stressed control group. The third, fourth, and fifth
groups were further treated with RVE at 25, 50, and 100
mg/kg, respectively for 5 days. Further three groups were
treated with RVE only at 25, 50, and 100mg/kg, respect-
ively for 5 days. Cisplatin and RVE were dissolved in dis-
tilled water. All treatments were given intraperitoneally.
After 24 h of last treatment, the animals were euthanized
following cervical dislocation [25]. Then the peritoneum
was opened with scissor, blood was collected following
heart puncture, and kidneys were collected using for-
ceps. Blood was subjected to check the level of creatin-
ine in serum. The kidneys were subjected to evaluating
malondialdehyde level and gene expression.

Measurement of serum creatinie
Serum creatinine was measured using Creatinine Colori-
metric Assay Kit-700,460 (Cayman Chemical, USA) fol-
lowing the manufacturer’s protocol provided with the
kit.

Measurement of renal lipid peroxidation
Malondialdehyde (MDA) is an end product of lipid per-
oxidation in kidney tissue and usually being measured as
an indicator of ROS production. However, MDA level
was measured in renal tissue according to a prior study
[27]. At first, the renal tissue was homogenized in so-
dium phosphate buffer (0.1 M, pH 7.4). A reaction solu-
tion comprising 0.8% thiobarbituric acid (1.5 mL), 8.1%
SDS (200 μL), 20% (pH 3.5) acetic acid (1.5 mL), and
dH2O (600 μL) was added to 100 μL of homogenized tis-
sue, and the mixture was then incubated at 95 °C for 1 h.
After cooling, the mixtures were centrifuged at 10,000 g
for 10 min at 4 °C and the absorbance of the supernatant
was measured at 532 nm with standard 1, 1, 3, 3-
tetramethoxypropane. The amount of total protein was
measured using the Bradford Protein Assay kit (BIO
RAD, USA), and by comparing it with standard bovine
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serum albumin (BSA). The intensity of lipid peroxides
was articulated as nanomoles (nM) of MDA per milli-
gram (mg) of protein.

Real-time polymerase chain reaction (real-time PCR)
Real-time PCR was performed as describes previously
[28, 29]. Total RNA from kidney tissue was isolated
using TRIzol® reagent (Invitrogen) according to the
protocol supplied by the manufacturer. The isolated
RNA (1 μg) was then converted into cDNA. Firstly, 2 μL
random hexamer (10 μM), 2 μL dNTPs (10 mM), 1 μg
RNA, and nuclease-free H O up to 15 μL were taken
and incubated for 5 min at 70 °C. The mixture was in-
stantly placed on ice for 2 min. Then 4 μL of 1st strand
buffer (5x) and 1 μL M-MLV reverse transcriptase were
added in each tube and incubated for 10 min and 50
min at 25 °C and 42 °C, respectively. Finally, the M-
MLV reverse-transcriptase enzyme was inactivated by
incubating the mixture at 95 °C for 5 min. The synthe-
sized cDNA products were subjected to real-time PCR
for quantification of NQO1, p53, and Bcl-2 gene expres-
sion using specific primers (Table 1 ). Each reaction (10
μL) was performed in triplicate comprising of 5 μL
GoTaq® qPCR Master Mix (2x) (Promega, USA), 0.5 μL
(10 mM) of each primer, 3 μL nuclease-free water, and 1
μL cDNA in 48-well reaction plates. Thermal cycling
was performed using a real-time PCR machine (Eco™
Real-Time PCR System, Illumine®, USA) with the follow-
ing cycling conditions: 95 °C for 10 min, followed by 40
cycles of 95 °C for 30 s, 50 °C for 30 s, and 72 °C for 25
s. The specificity of PCR reactions was confirmed by
analyzing the melt curve at 95 °C for 15 s, 45 °C for 15 s,
and 95 °C for 15 s. The specificity of PCR reactions was
confirmed by analyzing the melt curve at 95 °C for 15 s,
45 °C for 15 s, and 95 °C for 15 s. The relative quantifica-
tion of gene expression was performed using endogen-
ous GAPDH gene as control based on ΔΔCq method.

Cell culture and treatment
Human renal proximal tubule epithelial cell line, HK-2
cells, were maintained in DMEM supplemented with

10% FBS and antibiotics (50 U/mL of penicillin and
50 μg/mL streptomycin) in an incubator with 5% CO2

and 95% humidity at 37 °C.

H2O2 measurement assay
H2O2 level in HK-2 cells was estimated by using ROS-
Glo™ H2O2 Assay kit (Promega, USA) according to the
protocol provided by the kit manufacturer. HK-2 cells
(1000 cells) in 70 μL DMEM were placed in wells of the
96-well microtiter plate. After allowing attachment of
the cells on the well surface, 10 μL DMEM from wells of
microtiter plate was replaced with 10 μL cisplatin
(25 μM in DMEM) and kept in incubator for 12 h. Then,
10 μL RVE was added to make final concentrations 125,
250, and 500 μg/mL in DMEM and incubated for further
12 h. After that, 20 μL H2O2 Substrate Solution and
100 μL ROS-Glo™ Detection Solution were added to each
well. The reaction was incubated at room temperature
for 20 min. Finally, luminescence was measured by using
GloMax Luminometer (Promega, USA).

GC-MS analysis
GC-MS analysis of RVE (dissolved in methanol) was per-
formed as described previously [30] using GCMS-
QP2020 (SHIMADZU) comprising an auto-sampler
(AOC-20s), an auto-injector (AOC-20i), and a Gas
Chromatograph (GC-2010 Plus) interfaced to a Mass
Spectrometer equipped with an SH-Rxi-5Sil MS capillary
column (30 m × 0.25 μm ID × 0.25 μm DF). The carrier
gas Helium was kept at a constant flow rate of 1.72 mL/
min, and an injection volume of 5 μL was subjected with
10:1 split ratio. Temperature of the injector was main-
tained at 220 °C, the ion-source temperature was 280 °C,
the oven temperature was programmed from 80 °C (hold
for 2 min), with an increase of 5 °C/min to 150 °C (hold
time 5.0 min), then 5 °C/min to 280 °C, ending with an 8
min isothermal at 280 °C. Mass spectra were taken at
1.5 kV with a scan interval of 0.5 s and the sample was
run at a range of 45–350 m/z. The solvent delay was
from 0 to 3 min, and the total GC-MS running time was
55min. The relative concentration of the detected com-
pounds was measured by comparing its average peak
area to the total area. Interpretation of mass-spectrum
in GC-MS was performed using the National Institute
Standard and Technology (NIST) databases including
NIST08, NIST08s, and NIST14.

Statistical analysis
The statistical analyses were performed by ANOVA follow-
ing Dunnett’s T3 test using IBM SPPS (version 20) software.
Data are articulated as means ± standard deviation (SD).
Significant comparison was considered at p < 0.05. All of the
graphs were prepared using Microsoft Excel (version 2010).

Table 1 List of primers used in real-time PCR

Gene Primer Sequence

NQO1 Forward 5′-TTCTGTGGCTTCCAGGTCTT-3′

Reverse 5′-AGGCTGCTTGGAGCAAAATA-3′

p53 Forward 5′-GCGTCTTAGAGACAGTTGCCT-3′

Reverse 5′-GGATAGGTCGGCGGTTCATGC-3′

Bcl-2 Forward 5′-GTGGAGGAGCTCTTCAGGGA-3′

Reverse 5′-AGGCACCCAGGGTGATGCAA-3′

GAPDH Forward 5′-GTGGAAGGACTCATGACCACAG-3′

Reverse 5′-CTGGTGCTCAGTGTAGCCCAG-3′
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Results
In-vitro antioxidant activity test
Though previously RVE was reported for having antioxi-
dant activity, we rechecked the antioxidant activity of
our extract using DPPH free radical scavenging capacity.
RVE neutralized DPPH dose-dependently (Fig. 1). RVE
revealed considerable in vitro antioxidant activity and
the calculated IC50 value of RVE was 37.39 ± 1.89 μg/mL.

Measurement of serum creatinine
Serum creatinine level in mouse was significantly (p <
0.05) increased after cisplatin administration (Table 2).
Treatment with RVE remarkably (p < 0.05) ameliorated
creatinine level at in a does-dependedt fashion (Table 2).

Measurement of renal lipid peroxidation
Compared to control, cisplatin considerably (p < 0.05)
augmented MDA content in renal tissue of mice
(Table 3). In contrast, RVE treatment considerably (p <
0.05) restored MDA to almost normal in a dose-
dependent fashion (Table 3).

Real-time PCR
Cisplatin significantly (p < 0.05) decreased NQO1 mRNA
expression by 0.15-fold and increased p53 and Bcl-2
mRNA expression by 24 and 4.2-fold, respectively
(Fig. 2). RVE considerably (p < 0.05) mitigated NQO1,
p53, and Bcl-2 mRNA expression in a dose-dependent
fashion (Fig. 2). Compared to only cisplatin-treated
group, NQO1 mRNA expression was increased by 3.57,
6.36, and 9.28-fold at 25, 50, and 100 mg/kg RVE,

Fig. 1 DPPH radical scavenging activity of RVE. RVE scavenged DPPH radical in a dose-dependent manner. Results are mean ± SD (n = 3). The
mean IC50 value of RVE was calculated using regression equation, y = 0.265x + 40.09. The calculated mean IC50 value is
37.39 μg/mL (mean ± SD = 37.39 ± 1.89 μg/mL)

Table 2 Effects of RVE on serum creatinine level in mouse

Groups Creatinine (mg/dL) (mean ± SD)

Control 0.54 ± 0.09

Cisplatin (2.5 mg/kg) 2.67 ± 0.21 a

Cisplatin (2.5 mg/kg) + RVE (25 mg/kg) 1.97 ± 0.16 b

Cisplatin (2.5 mg/kg) + RVE (50 mg/kg) 1.38 ± 0.11 b

Cisplatin (2.5 mg/kg) + RVE (100mg/kg) 0.99 ± 0.07 b

n = 6
a significant difference (p < 0.05) in respect to control
b significant difference (p < 0.05) in respect to cisplatin (2.5 mg/kg) treated group
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respectively (Fig. 2a). Again, p53 mRNA expression was
decreased by 0.63, 0.46, and 0.21-fold at 25, 50, and 100
mg/kg RVE, respectively (Fig. 2b). Bcl-2 mRNA expres-
sion was also reduced by 0.71, 0.40, and 0.32-fold at 25,
50, and 100 mg/kg RVE, respectively (Fig. 2c). But, no
significant (p > 0.05) changes were found in the expres-
sion level of NQO1, p53, and Bcl-2 genes due to treat-
ment with RVE (Fig. 3).

H2O2 measurement assay
In the H2O2 measurement assay, the H2O2 level was
considered proportionate to luminescence. Administra-
tion of cisplatin significantly (p < 0.05) increased H2O2

level by 2.2-fold (Fig. 4). Treatment with RVE consider-
ably decreased (p < 0.05) H2O2 level by 0.25, 0.38, and
0.49-fold at 125, 250, and 500 μg/mL, correspondingly.

GC-MS analysis
A total of 10 compounds (Table 4 and Fig. 5) including
“Isoborneol, pentamethyldisilanyl ether (sesquiterpene
alcohol)”, “Thymine (pyrimidine nucleobase)”, “4H-Py-
ran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- (sap-
onin)”, “Hexadecanoic acid, methyl ester (fatty acid
methyl ester)”, “9,12-Octadecadienoic acid, methyl ester
(fatty acid methyl ester)”, “9-Octadecenoic acid (Z)-, me-
thyl ester (fatty acid methyl ester)”, “Methyl stearate
(fatty acid methyl ester)”, “Diisooctyl phthalate (ester)”,
“13-Docosenamide, (Z)- (alkaloid)”, and “Squalene (tri-
terpene)” were detected in RVE.

Discussion
Natural and synthetic antioxidants have been compre-
hensively studied and revealed to be functional for either
the prevention or amelioration of toxicity in animal
physiology [31]. Antioxidant supplements are the com-
ponent developed either by chemical synthesis or by ex-
traction from natural foods but these are not identical in
composition as antioxidants available in food [5]. There-
fore, the opinions are separated over time whether or

not synthetic antioxidants give similar health benefits as
natural antioxidants [32]. The urge is coming up to de-
crease the use of synthetic antioxidant supplements and
seeking alternative, cheap, renewable, natural, and pos-
sibly safer sources of effective natural antioxidants.

Table 3 Effects of RVE on MDA levels in mouse kidney tissue

Groups MDA (nmol/mg protein)
(mean ± SD)

Control 2.13 ± 0.72

Cisplatin (2.5 mg/kg) 4.96 ± 1.13 a

Cisplatin (2.5 mg/kg) + RVE (25 mg/
kg)

3.05 ± 0.87 b

Cisplatin (2.5 mg/kg) + RVE (50 mg/
kg)

2.78 ± 1.03 b

Cisplatin (2.5 mg/kg) + RVE (100
mg/kg)

2.29 ± 1.03 b

n = 6
a significant difference (p < 0.05) in respect to control
b significant difference (p < 0.05) in respect to cisplatin (2.5 mg/kg)
treated group

Fig. 2 Ameliorative effect of RVE on expression of NQO1, p53, and
Bcl-2 mRNA in mice kidney tissue. a) mRNA quantity of NQO1 b)
mRNA quantity of p53 c) mRNA quantity of Bcl-2. Results are
mean ± SD (n = 6). a significant difference (p < 0.05) in respect to
control. b significant difference (p < 0.05) in respect to cisplatin (2.5
mg/kg) treated group
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Fig. 3 Effect of RVE alone on the expression of NQO1, p53, and Bcl-2 mRNA in mice kidney tissue. a) mRNA quantity of NQO1 b) mRNA quantity
of p53 c) mRNA quantity of Bcl-2. Results are mean ± SD (n = 6). No significant difference (p > 0.05) was found in only RVE treated group
compared to the control
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Fig. 4 Effect of RVE on H2O2 level in HK-2 cells. H2O2 level is proportionate to luminescence. Results are mean ± SD (n = 6). a significant difference
(p < 0.05) in respect to control. b significant difference (p < 0.05) in respect to cisplatin (25 μM) treated group

Table 4 List of compounds in RVE identified by using GC-MS

Peak no. Compounds Ret. time Molecular formula Molecular weight Con.
%

1 Isoborneol, pentamethyldisilanyl ether 3.018 C15H32OSi2 284.59 0.62

2 Thymine 5.769 C5H6N2O2 126.115 4.32

3 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 7.144 C6H8O4 144.126 2.08

4 Hexadecanoic acid, methyl ester 30.020 C17H34O2 270.457 8.91

5 9,12-Octadecadienoic acid, methyl ester 33.785 C19H34O2 294.479 1.58

6 9-Octadecenoic acid (Z)-, methyl ester 33.942 C19H36O2 296.495 5.77

7 Methyl stearate 34.519 C13H26O2 214.349 2.65

8 Diisooctyl phthalate 41.810 C24H38O4 390.564 18.62

9 13-Docosenamide, (Z)- 45.678 C22H43O4 337.592 51.99

10 Squalene 46.146 C30H50 410.73 3.45

Hasan et al. BMC Complementary Medicine and Therapies          (2021) 21:225 Page 8 of 12



One of the most important mechanisms is the nuclear
factor erythroid-2 related factor-2 (Nrf2) pathway that
generally protects cells from oxidative stress-induced by
exogenous or endogenous stressors [27]. The effective
antioxidants induce expression of Nrf2, which further
moves into the nucleus and binds to antioxidant re-
sponse element (ARE) that provokes expression of phase
II detoxifying and antioxidant gene NQO1 [33, 34].
NQO1 is widely and differentially expressed in a tissue-
specific manner. NQO1 is a cytosolic antioxidant flavo-
protein that catalyzes the 2-electron reduction of qui-
nones to hydroquinones, resulting in detoxification of
the electrophiles and anticipation of redox cycling [35].
According to a previous study [36], β-lapachone acti-
vates NQO1, which further increases intracellular NAD+

level and protects the kidney from cisplatin-induced
acute injury.
Cisplatin is known to induced damage in the glomeru-

lar filtration membrane through oxidative stress, inflam-
mation, and apoptosis which altogether lead to reduce
glomerular filtration rate and loss of normal membrane
permeability [37]. Therefore, the serum creatinine level
was increased. Serum creatinine is one of the potential
renal functionality markers. Cisplatin treatment in-
creased MDA content in kidney tissue which is a sec-
ondary product of lipid peroxidation and this report is
constant with previous studies [27, 35, 37, 38]. Treat-
ment with RVE significantly reduced MDA content in
kidney tissue. At the same time, the creatinine level was
also decreased indicating the ameliorative effect of RVE.

Besides, NQO1 expression was significantly decreased,
and p53 and Bcl-2 expression were significantly in-
creased after exposure to cisplatin. In terms of NQO1
and p53 expression in vivo, our result is consistent with
a prior study [13]. A recent study [39] showed that cis-
platin significantly decreased expression of Bcl-2 in the
kidney of mouse, but surprisingly we found elevated ex-
pression. This difference may be the result of dose dif-
ference [40] as Mohamed and colleagues [39] used 8
mg/kg for 12 days, whereas we used 2.5 mg/kg for only
5 days. Another study [41] stated that cisplatin may in-
crease the expression of Bcl-2 at a dose when it is non-
cytotoxic. Again, increased Bcl-2 expression sensitizes
cells towards oxidative stress [40].
However, expression of p53 is low at normal physio-

logical conditions, but expected to be up-regulated once
treated with cisplatin because this platinum-based
chemotherapeutic agent activates p53 dependent
apoptotic pathway. Once we treated mice with cis-
platin, p53 was significantly increased in mice kidneys
compared to control. Another proto-oncogene Bcl-2
is also correlated with NQO1 expression level. Mim-
icking the p53 expression, we also found that the Bcl-
2 level was increased with cisplatin treatment, but re-
covered significantly upon treatment with RVE. This
is possibly, in response to oxidative stress, the p53
gene gets activated and results in arresting cell cycle,
senescence, or apoptosis [6]. With detoxification,
NQO1 overexpression is often considered to be corre-
lated with apoptosis in cancer cell [10], though the

Fig. 5 GC-MS chromatogram of RVE
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underlying mechanism of apoptosis and the overex-
pression of NQO1 is still controversial. Moreover, in
hepatocellular carcinoma, NQO1 overexpression de-
creases the Bcl-2 expression [10]. Proto-oncogene Bcl-
2 also has p53 like correlation with NQO1 expression.
p53 is a sequence-specific transcription factor that
gets activated by numerous types of cellular stress
[42], whereas Bcl-2 overexpression acted as mitochon-
drial pore-stabilizer to facilitate cytochrome-C release
upon oxidative stress [12]. In our case, we checked
both of the gene responses with cisplatin treatment in
normal kidney tissue and found their increased ex-
pression. RVE treatment reverted the expression of
p53 and Bcl-2 to almost normal in a dose-dependent
fashion. This type of Bcl-2 expression abrogation was
also shown using ROS scavenger Trolox [43]. More-
over, H2O2 level was also markedly increased in HK-2
cells due to treatment with cisplatin in vitro. After
treatment with RVE, the H2O2 level was significantly
restored to around normal. This is maybe due to the
effect of RVE treatment that increased NQO1 expres-
sion [44], which exerts protection against oxidative
stress [6].
The GC-MS chromatogram confirmed the existence

of ten compounds in RVE. Among these, “4H-Pyran-
4-one, 2, 3-dihydro-3,5-dihydroxy-6-methyl-”, “Hexa-
decanoic acid” and “Squalene” are well-known antioxi-
dants[45–47]. These three compounds altogether
possibly exerted a synergistic nephroprotective effect.
Previous studies also reported about induction of
NQO1 expression by vitamin A [48], vitamin C [49],
vitamin E [50], flavonoids [51], and polyphenols [50].
Therefore, this report suggests elucidating whether
this particular extract contains anything among vita-
min A, vitamin C, vitamin E, flavonoids, and polyphe-
nol, or not.

Conclusion
The overall finding suggests that RVE is physiologically
effective in protecting kidneys from cisplatin-induced
damage. Therefore, it is crucial to elucidate the exact
compounds responsible for mitigating cisplatin-induced
nephrotoxicity which may become beneficial for human
application.

Acknowledgements
The authors are grateful to Bangladesh Council of Scientific and Industrial
Research (BCSIR), Rajshahi Branch for providing laboratory support to
quantify RNA.

Authors’ contributions
M.M.H. performed experimental design, experimentation, data analysis and
preparation, manuscript writing and editing, manuscript revising and
drafting; M.S.T. & M.M.E. done experimentation and data analysis; A.M.E. &
M.A.R. contributed in supervision and resources; A.H. was responsible for
conceptualization, supervision, resources, and manuscript editing. All authors

reviewed the manuscript. The authors read and approved the final
manuscript.

Funding
The current work was funded by Taif University Researchers Supporting
Project number (TURSP - 2020/75), Taif University, Taif, Saudi Arabia.

Availability of data and materials
All relevant data are available and could be provided upon request to the
corresponding author.

Declarations

Ethics approval and consent to participate
The ethics to perform this experiment were approved by the Institutional
Animal, Medical Ethics, Biosafety, and Biosecurity Committee (IAMEBBC),
Institute of Biological Sciences (IBSc), University of Rajshahi, and was
provided under the memo number 31/320-IAMEBBC/IBSc. All methods were
performed per the guidelines and regulations provided by the above-
mentioned ethical committee. This study was carried out in compliance with
the ARRIVE (Animal Research: Reporting of In Vivo Experiments) guidelines.
“Consent to participate” is not applicable for this study.

Consent for publication
Not applicable.

Competing interests
None.

Author details
1Molecular Biology and Protein Science Laboratory, Department of Genetic
Engineering and Biotechnology, Faculty of Life and Earth Sciences, University
of Rajshahi, Rajshahi 6205, Bangladesh. 2Molecular Pathology Laboratory,
Institute of Biological Sciences, University of Rajshahi, Rajshahi 6205,
Bangladesh. 3Department of Biotechnology, College of Science, Taif
University, P.O. Box 11099, Taif 21944, Saudi Arabia. 4Department of Genetics,
Faculty of Agriculture, Alexandria University, Alexandria 21545, Egypt.

Received: 26 March 2021 Accepted: 17 August 2021

References
1. Bagchi K, Puri S. Free radicals and antioxidants in health and disease: a

review. East Mediterr Health J. 1998;4:350–60.
2. Koh EM, Lee EK, Song CH, Song J, Chung HY, Chae CH, et al. Ferulate, an

active component of wheat germ, ameliorates oxidative stress-induced PTK/
PTP imbalance and PP2A inactivation. Toxicol Res. 2018;34(4):333–41.
https://doi.org/10.5487/TR.2018.34.4.333.

3. Hassan AI, Ibrahim RY. Some genetic profiles in liver of Ehrlich ascites
tumor-bearing mice under the stress of irradiation. J Radiat Res Appl Sci.
2014;7(2):188–97. https://doi.org/10.1016/j.jrras.2014.02.002.

4. Zhou FL, Zhang WG, Wei YC, Meng S, Bai GG, Wang BY, et al. Involvement
of oxidative stress in the relapse of acute myeloid leukemia. J Biol Chem.
2010;285(20):15010–5. https://doi.org/10.1074/jbc.M110.103713.

5. Pham-Huy LA, He H, Pham-Huy C. Free radicals, antioxidants in disease and
health. Int J Biomed Sci. 2008;4:89–96.

6. Srijiwangsa P, Na-Bangchang K. Roles of NAD (P) H-quinone oxidoreductase
1 (NQO1) on cancer progression and chemoresistance. J Clin Exp Oncol.
2017;6:1–6.

7. Siegel D, Yan C, Ross D. NAD (P) H: quinone oxidoreductase 1 (NQO1) in
the sensitivity and resistance to antitumor quinones. Biochem Pharmacol.
2012;83(8):1033–40. https://doi.org/10.1016/j.bcp.2011.12.017.

8. Dinkova-Kostova AT, Talalay P. NAD (P) H: quinone acceptor oxidoreductase
1 (NQO1), a multifunctional antioxidant enzyme and exceptionally versatile
cytoprotector. Arch Biochem Biophys. 2010;501(1):116–23. https://doi.org/1
0.1016/j.abb.2010.03.019.

9. Cullen JJ, Hinkhouse MM, Grady M, Gaut AW, Liu J, Zhang YP, et al.
Dicumarol inhibition of NADPH: quinone oxidoreductase induces growth
inhibition of pancreatic cancer via a superoxide-mediated mechanism.
Cancer Res. 2003;63(17):5513–20.

Hasan et al. BMC Complementary Medicine and Therapies          (2021) 21:225 Page 10 of 12

https://doi.org/10.5487/TR.2018.34.4.333
https://doi.org/10.1016/j.jrras.2014.02.002
https://doi.org/10.1074/jbc.M110.103713
https://doi.org/10.1016/j.bcp.2011.12.017
https://doi.org/10.1016/j.abb.2010.03.019
https://doi.org/10.1016/j.abb.2010.03.019


10. Zhang X, Han K, Yuan DH, Meng CY. Overexpression of NAD (P) H: quinone
oxidoreductase 1 inhibits hepatocellular carcinoma cell proliferation and
induced apoptosis by activating AMPK/PGC-1α pathway. DNA Cell Biol.
2017;36(4):256–63. https://doi.org/10.1089/dna.2016.3588.

11. Zeekpudsa P, Kukongviriyapan V, Senggunprai L, Sripa B, Prawan A.
Suppression of NAD (P) H-quinone oxidoreductase 1 enhanced the
susceptibility of cholangiocarcinoma cells to chemotherapeutic agents. J
Exp Clin Cancer Res. 2014;33(1):1–13. https://doi.org/10.1186/1756-
9966-33-11.

12. Dasari S, Tchounwou PB. Cisplatin in cancer therapy: molecular mechanisms of
action. Eur J Pharmacol. 2014;740:364–78. https://doi.org/10.1016/j.ejphar.2014.07.025.

13. Zhu X, Jiang X, Li A, Zhao Z, Li S. S-Allylmercaptocysteine attenuates cisplatin-
induced nephrotoxicity through suppression of apoptosis, oxidative stress, and
inflammation. Nutrients. 2017;9(2):166. https://doi.org/10.3390/nu9020166.

14. Matkowski A. Plant in vitro culture for the production of antioxidants—a
review. Biotechnol Adv. 2008;26(6):548–60. https://doi.org/10.1016/j.biotecha
dv.2008.07.001.

15. El-Bakry AA, Mostafa HAM, Alam EA. Antioxidant activity of Rumex vesicarius
L. at the vegetative stage of growth. Asian J Pharm Clin Res. 2012;5:111–7.

16. Rechinger KH. Rumex (Polygonaceae) in Australia: a reconsideration. Nuytsia.
1984;5:75–122.

17. Shahat AA, Alsaid MS, Alyahya MA, Higgins M, Dinkova-Kostova AT. NAD (P) H:
Quinone oxidoreductase 1 inducer activity of some Saudi Arabian medicinal
plants. Planta Med. 2013;79(06):459–64. https://doi.org/10.1055/s-0032-1328322.

18. El-Hawary SA, Sokkar NM, Ali ZY, Yehia MM. A profile of bioactive
compounds of Rumex vesicarius L. J Food Sci. 2011;76(8):C1195–202. https://
doi.org/10.1111/j.1750-3841.2011.02370.x.

19. Barbosa-Filho JM, Alencar AA, Nunes XP, Tomaz AC, Sena-Filho JG, Athayde-
Filho PF, et al. Sources of alpha-, beta-, gamma-, delta-and epsilon-
carotenes: a twentieth century review. Rev Bras. 2008;18(1):135–54. https://
doi.org/10.1590/S0102-695X2008000100023.

20. Laouini SE, Ouahrani MR. Phytochemical screening, in vitro antioxidant and
antibacterial activity of Rumex vesicarius L. extract. Scien Study Res: Chem
Chem Engi Biotech Food Ind. 2017;18:367–76.

21. Shahat AA, Alsaid MS, Kotob SE, Ahmed HH. Significance of Rumex vesicarius
as anticancer remedy against hepatocellular carcinoma: a proposal-based
on experimental animal studies. Asian Pac J Cancer Prev. 2015;16(10):4303–
10. https://doi.org/10.7314/apjcp.2015.16.10.4303.

22. Farooq M, Abutaha N, Mahboob S, Baabbad A, Almoutiri ND, Wadaan MA.
Investigating the antiangiogenic potential of Rumex vesicarius (humeidh),
anticancer activity in cancer cell lines and assessment of developmental
toxicity in zebrafish embryos. Saudi J Biol Scis. 2020;27(2):611–22. https://doi.
org/10.1016/j.sjbs.2019.11.042.

23. Asha Tukappa NK, Londonkar RL, Nayaka HB, Sanjeev Kumar CB. Cytotoxicity
and hepatoprotective attributes of methanolic extract of Rumex vesicarius L.
Biol Res. 2015;48(1):1–9. https://doi.org/10.1186/s40659-015-0009-8.

24. Khan IA, Aziz A, Bashir S, Raza MA, Fatima G. Dermatological evaluation of
counter irritant effect of methanol leaf extract of Rumex vesicarius Linn. In
rabbits. J Pak Med Assoc. 2016;66(1):49–52.

25. Subramaniyan V, Shaik S, Bag A, Manavalan G, Chandiran S. Potential action of
Rumex vesicarius (L.) against potassium dichromate and gentamicin induced
nephrotoxicity in experimental rats. Pak J Pharm Sci. 2018;31:509–16.

26. Rahi MS, Islam MS, Jerin I, Jahangir CA, Hasan MM, Hoque KM, et al.
Differential expression of Bax-Bcl-2 and PARP-1 confirms apoptosis of EAC
cells in Swiss albino mice by Morus laevigata. J Food Biochem. 2020;44(8):
e13342. https://doi.org/10.1111/jfbc.13342.

27. Jin J, Li M, Zhao Z, Sun X, Li J, Wang W, et al. Protective effect of Wuzhi
tablet (Schisandra sphenanthera extract) against cisplatin-induced
nephrotoxicity via Nrf2-mediated defense response. Phytomed. 2015;22(5):
528–35. https://doi.org/10.1016/j.phymed.2015.03.003.

28. Hasan MM, Islam MS, Hoque KMF, Haque A, Reza MA. Effect of Citrus
macroptera fruit pulp juice on alteration of caspase pathway rendering anti-
proliferative activity against Ehrlich’s ascites carcinoma in mice. Toxicol Res.
2019;35(3):271–7. https://doi.org/10.5487/TR.2019.35.3.271.

29. Islam MS, Jahangir CA, Rahi MS, Hasan MM, Sajib SA, Hoque KMF, et al. In-
vivo antiproliferative activity of Morus latifolia leaf and bark extracts against
Ehrlich’s ascites carcinoma. Toxicol Res. 2020;36(1):79–88. https://doi.org/10.1
007/s43188-019-00011-7.

30. Hasan MM, Al Mahmud MR, Islam MG. GC-MS analysis of bio-active
compounds in ethanol extract of Putranjiva roxburghii wall. Fruit Peel
Pharmacog J. 2019;11(1):146–9. https://doi.org/10.5530/pj.2019.1.24.

31. Kang C, Lee H, Hah DY, Heo JH, Kim CH, Kim E, et al. Protective effects of
Houttuynia cordata Thunb. On gentamicin-induced oxidative stress and
nephrotoxicity in rats. Toxicol Res. 2013;29(1):61–7. https://doi.org/10.5487/
tr.2013.29.1.061.

32. Fusco D, Colloca G, Monaco MRL, Cesari M. Effects of antioxidant
supplementation on the aging process. Clin Interv Aging. 2007;2:
377.

33. Kwon RH, Ha BJ. Protection of Saururus chinensis extract against liver
oxidative stress in rats of triton wr-1339-induced hyperlipidemia. Toxicol
Res. 2014;30(4):291–6. https://doi.org/10.5487/tr.2014.30.4.291.

34. Liang L, Gao C, Luo M, Wang W, Zhao C, Zu Y, et al. Dihydroquercetin
(DHQ) induced HO-1 and NQO1 expression against oxidative stress through
the Nrf2-dependent antioxidant pathway. J Agric Food Chem. 2013;61(11):
2755–61. https://doi.org/10.1021/jf304768p.

35. Cao SS, Yan M, Hou ZY, Chen Y, Jiang YS, Fan XR, et al. Danshen
modulates Nrf2-mediated signaling pathway in cisplatin-induced
renal injury. Curr Med Sci. 2017;37(5):761–5. https://doi.org/10.1007/
s11596-017-1801-1.

36. Oh GS, Kim HJ, Choi JH, Shen A, Choe SK, Karna A, et al. Pharmacological
activation of NQO1 increases NAD+ levels and attenuates cisplatin-
mediated acute kidney injury in mice. Kidney Int. 2014;85(3):547–60. https://
doi.org/10.1038/ki.2013.330.

37. Abdel-Daim MM, Abushouk AI, Donia T, Alarifi S, Alkahtani S, Aleya L, et al.
The nephroprotective effects of allicin and ascorbic acid against cisplatin-
induced toxicity in rats. Environ Sci Pollut Res. 2019;26(13):13502–9. https://
doi.org/10.1007/s11356-019-04780-4.

38. Adeoye BO, Oyagbemi AA, Asenuga ER, Omobowale TO, Adedapo AA. The
ethanol leaf extract of Andrographis paniculata blunts acute renal failure in
cisplatin-induced injury in rats through inhibition of Kim-1 and upregulation
of Nrf2 pathway. J Basic Clin Physiol Pharmacol. 2018;30(2):205–17. https://
doi.org/10.1515/jbcpp-2017-0120.

39. Mohamed ME, Abduldaium YS, Younis NS. Ameliorative effect of linalool in
cisplatin-induced nephrotoxicity: the role of HMGB1/TLR4/NF-κB and Nrf2/
HO1 pathways. Biomolecules. 2020;10(11):1488. https://doi.org/10.3390/
biom10111488.

40. Seyfried J, Evert BO, Schwarz CS, Schaupp M, Schulz JB, Klockgether T, et al.
Gene dosage-dependent effects of bcl-2 expression on cellular survival and
redox status. Free Radic Biol Med. 2003;34(12):1517–30. https://doi.org/10.1
016/s0891-5849(03)00103-5.

41. Leisching G, Loos B, Botha M, Engelbrecht AM. Bcl-2 confers survival in
cisplatin treated cervical cancer cells: circumventing cisplatin dose-
dependent toxicity and resistance. J Transl Med. 2015;13(1):1–8. https://doi.
org/10.1186/s12967-015-0689-4.

42. Ko LJ, Prives C. p53: puzzle and paradigm. Genes Dev. 1996;10(9):1054–72.
https://doi.org/10.1101/gad.10.9.1054.

43. Hanson CJ, Bootman MD, Distelhorst CW, Maraldi T, Roderick HL.
The cellular concentration of Bcl-2 determines its pro-or anti-
apoptotic effect. Cell Calcium. 2008;44(3):243–58. https://doi.org/10.1
016/j.ceca.2007.11.014.

44. Zhu H, Li Y. NAD (P) H: quinone oxidoreductase 1 and its potential
protective role in cardiovascular diseases and related conditions. Cardiovasc
Toxicol. 2012;12(1):39–45. https://doi.org/10.1007/s12012-011-9136-9.

45. Tikekar RV, Ludescher RD, Karwe MV. Processing stability of squalene in
amaranth and antioxidant potential of amaranth extract. J Agric Food
Chem. 2008;56(22):10675–8. https://doi.org/10.1021/jf801729m.

46. Yu X, Zhao M, Liu F, Zeng S, Hu J. Identification of 2, 3-dihydro-3, 5-
dihydroxy-6-methyl-4H-pyran-4-one as a strong antioxidant in glucose–
histidine Maillard reaction products. Food Res Int. 2013;51(1):397–403.
https://doi.org/10.1016/j.foodres.2012.12.044.

47. Al-Marzoqi AH, Hameed IH, Idan SA. Analysis of bioactive chemical
components of two medicinal plants (Coriandrum sativum and Melia
azedarach) leaves using gas chromatography-mass spectrometry (GC-MS). Afr J
Biotechnol. 2015;14(40):2812–30. https://doi.org/10.5897/AJB2015.14956.

48. Frede K, Ebert F, Kipp AP, Schwerdtle T, Baldermann S. Lutein
activates the transcription factor Nrf2 in human retinal pigment
epithelial cells. J Agric Food Chem. 2017;65(29):5944–52. https://doi.
org/10.1021/acs.jafc.7b01929.

49. Elbekai RH, Duke J, El-Kadi AO. Ascorbic acid differentially modulates the
induction of heme oxygenase-1, NAD (P) H: quinone oxidoreductase 1 and
glutathione S-transferase Ya by As3+, Cd2+ and Cr6+. Cancer Lett. 2007;246(1-
2):54–62. https://doi.org/10.1016/j.canlet.2006.01.029.

Hasan et al. BMC Complementary Medicine and Therapies          (2021) 21:225 Page 11 of 12

https://doi.org/10.1089/dna.2016.3588
https://doi.org/10.1186/1756-9966-33-11
https://doi.org/10.1186/1756-9966-33-11
https://doi.org/10.1016/j.ejphar.2014.07.025
https://doi.org/10.3390/nu9020166
https://doi.org/10.1016/j.biotechadv.2008.07.001
https://doi.org/10.1016/j.biotechadv.2008.07.001
https://doi.org/10.1055/s-0032-1328322
https://doi.org/10.1111/j.1750-3841.2011.02370.x
https://doi.org/10.1111/j.1750-3841.2011.02370.x
https://doi.org/10.1590/S0102-695X2008000100023
https://doi.org/10.1590/S0102-695X2008000100023
https://doi.org/10.7314/apjcp.2015.16.10.4303
https://doi.org/10.1016/j.sjbs.2019.11.042
https://doi.org/10.1016/j.sjbs.2019.11.042
https://doi.org/10.1186/s40659-015-0009-8
https://doi.org/10.1111/jfbc.13342
https://doi.org/10.1016/j.phymed.2015.03.003
https://doi.org/10.5487/TR.2019.35.3.271
https://doi.org/10.1007/s43188-019-00011-7
https://doi.org/10.1007/s43188-019-00011-7
https://doi.org/10.5530/pj.2019.1.24
https://doi.org/10.5487/tr.2013.29.1.061
https://doi.org/10.5487/tr.2013.29.1.061
https://doi.org/10.5487/tr.2014.30.4.291
https://doi.org/10.1021/jf304768p
https://doi.org/10.1007/s11596-017-1801-1
https://doi.org/10.1007/s11596-017-1801-1
https://doi.org/10.1038/ki.2013.330
https://doi.org/10.1038/ki.2013.330
https://doi.org/10.1007/s11356-019-04780-4
https://doi.org/10.1007/s11356-019-04780-4
https://doi.org/10.1515/jbcpp-2017-0120
https://doi.org/10.1515/jbcpp-2017-0120
https://doi.org/10.3390/biom10111488
https://doi.org/10.3390/biom10111488
https://doi.org/10.1016/s0891-5849(03)00103-5
https://doi.org/10.1016/s0891-5849(03)00103-5
https://doi.org/10.1186/s12967-015-0689-4
https://doi.org/10.1186/s12967-015-0689-4
https://doi.org/10.1101/gad.10.9.1054
https://doi.org/10.1016/j.ceca.2007.11.014
https://doi.org/10.1016/j.ceca.2007.11.014
https://doi.org/10.1007/s12012-011-9136-9
https://doi.org/10.1021/jf801729m
https://doi.org/10.1016/j.foodres.2012.12.044
https://doi.org/10.5897/AJB2015.14956
https://doi.org/10.1021/acs.jafc.7b01929
https://doi.org/10.1021/acs.jafc.7b01929
https://doi.org/10.1016/j.canlet.2006.01.029


50. Ross D, Kepa JK, Winski SL, Beall HD, Anwar A, Siegel D. NAD (P) H: quinone
oxidoreductase 1 (NQO1): chemoprotection, bioactivation, gene regulation
and genetic polymorphisms. Chem Biol Interact. 2000;129(1-2):77–97.
https://doi.org/10.1016/s0009-2797(00)00199-x.

51. Valerio JLG, Kepa JK, Pickwell GV, Quattrochi LC. Induction of human NAD
(P) H: quinone oxidoreductase (NQO1) gene expression by the flavonol
quercetin. Toxicol Lett. 2001;119(1):49–57. https://doi.org/10.1016/s0378-42
74(00)00302-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Hasan et al. BMC Complementary Medicine and Therapies          (2021) 21:225 Page 12 of 12

https://doi.org/10.1016/s0009-2797(00)00199-x
https://doi.org/10.1016/s0378-4274(00)00302-7
https://doi.org/10.1016/s0378-4274(00)00302-7

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Chemicals and reagents
	Plant sample collection and extract preparation
	In-vitro antioxidant activity test
	Experimental animals and experimental design
	Measurement of serum creatinie
	Measurement of renal lipid peroxidation
	Real-time polymerase chain reaction (real-time PCR)
	Cell culture and treatment
	H2O2 measurement assay
	GC-MS analysis
	Statistical analysis

	Results
	In-vitro antioxidant activity test
	Measurement of serum creatinine
	Measurement of renal lipid peroxidation
	Real-time PCR
	H2O2 measurement assay
	GC-MS analysis

	Discussion
	Conclusion
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

